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Abstract 
Using the rice husk as raw material, the native in-situ mastoid SiO2 is purified by acid and alkali pretreatment. The 
morphologies and structures of the native in-situ mastoid SiO2 are characterized and analyzed with SEM, HRTEM, 
FT-IR, EDS and XRD. The results show that the native in-situ SiO2 is mastoid and amorphous. Si content is 
increasing from the outer surface to the inner surface of the rice husk. 
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1. introduction 
China is the world's largest country of rice-growing, there are 50,000 tons rice husks every year. Re-
using waste rice husk, reducing pollution, improving environment and developing comprehensive 
utilization of rice husk, to create a good economic, have been the subject of many researchers to explore. 
The furfural and xylose [1], sodium silicate and silica are produced with the rice husks, the energy is 
obtained by pyrolysis of the rice husk [2]. Especially silica (SiO2.nH2O) preparation with rice husk is 
reported [3-5], the silica is prepared with rice husk ash by the traditional precipitation method. But a small 
amount of metal elements is difficult to remove, and the cost of the silica is higher. Wuliangye company 
is currently the largest company in which silica is produced with rice husk ash, the application scopes of 
the silica are limited because of its low purity. Liu [6] prepared silica directly by boiling the rice husk in 
dilute hydrochloric acid, without the intermediate links to generate water glass. Then its whiteness is 
about 93%, its purity is about 98%. Therefore, What preparation methods used to improve the purity of 
SiO2, and how to get the different desired structure of SiO2, are still challenging. It is also very important 
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how to choose economically the acid or alkali to remove metals in the rice husk. In the high temperature 
and pressure, H2O2-HNO3 mixed oxidant can decompose organic matter, and can make a small amount of 
metal elements become soluble ions [7]. However, its cost is higher because of the amount of H2O2-HNO3 
and the high-pressure. The rice husks are processed with HNO3 and H2SO4 [8-9], a lot of dangerous NO2 
gases will emit in the air, also the average particle size of SiO2 is large relatively. In this paper, the native 
in-situ mastoid SiO2 from the rice husk is purified after the rice husks are processed with 30% H2O2 and 
10% HCl mixture. Acid-base materials can be saved significantly without the middle part to generate 
water glass. The morphologies and microstructure of mastoid SiO2 are characterized and analyzed, and 
the gradient of Si content is investigated. This study is of practical significance on revealing the silicified 
mechanism and synthesizing new silicon composite material through environment-friendly way. A new 
way will be explored for the rice utilization.  
2.  Preparation and Characterization 
2.1.  Preparation 
The main preparation equipment of experimentation is electronics box furnace. Raw material is rice 
husk, which is come from Hunan Province. Acidic water is composed of 30% hydrogen peroxide (H2O2) 
and 10% hydrochloric acid (HCl). Alkaline water compounds 30 % ammonia (NH3.H2O). With rice husk 
as raw material, native in-situ mastoid SiO2 is purified by acid and alkali pre-treatment. The first purpose 
of pre-treatment is to remove the Na, Mg, Ca, Mn, Al, Fe, Zn and other elements with acidic water; The 
second purpose is to remove Na, Cl , P, S and other elements with alkaline water. Then washed with 
distilled water, dried rice husk, tiled in the muffle furnace bottom, not compacted, calcined for the white 
native SiO2 materials. Specific preparation steps as follows: (1) screening to remove dust and debris in the 
rice husk; (2) soaked rice husk with acid after 2 hours, boil 40 minutes, washed with distilled water; (3) 
After boiling water 40 minutes with alkaline, repeated washing rice husk with distilled water to the 
aqueous solution pH close to neutral, dry rice husk; (4) roasting dried rice husk directly on the 
temperature of 600 ℃ in the aerobic resistance furnace, and then heating to 10 hours, gain the native 
white silica; (5) using ultrasonic fragmentation method, we gain nano-SiO2 white powder for the 
detection. 
2.2   Characterization 
White silica (not crushed) was fixed on the copper with conductive adhesive for the detection. JEOL 
JSM-6700 field emission scanning electron microscopy (FESEM), a JEOL JEM-3010 high-resolution 
transmission electron microscope (HRTEM) equipped with the energy-dispersive spectroscope (EDS) and 
D5000 X-ray  diffraction (XRD) with CuKа wire were used for the microstructure, morphologies, 
chemical composition and Si content analysis. FT-IR spectra of the silica was obtained from a NICOLET 
6700 spectrometer with a resolution of 2cm-1 and a scan frequency of 400～4000cm-1. K-Alpha 1063 X-
ray photoelectron spectroscopy (XPS) X-ray source Al, spot diameter 400um, vacuum 10-9mBar, and 
resolution 0.5eV was used for qualitative and quantitative analysis of elements. 
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3.  Microstructure and Elemental analysis 
3.1 Morphology and structure  
The samples are characterized and discussed from the outside to inside. Figure 1 (a), (b) and (c) are the 
typical SEM images of native in-situ mastoid SiO2 in this experiment. The native in-situ mastoid SiO2 
arranged orderly can be seen on the outer surface of the rice husks. The outer surface is composed of 
many ordered the ridge-like papillae. Shallow dents are around the mastoid base. These shapes are 
divided into three kinds of mastoid -shapes:  (1) Bimodal mastoid, there are two mastoid tip on the base 
of bimodal mastoid with accounting for 90% of the total of mastoid SiO2.  
 
 
 
 
 
 
 
 
Fig. 1 (a),(b)and(c) SEM images of mastoid SiO2 in the  85 times, 500 times and 1000 times respectively; 
(d) and (e) HRTEM mage of branch and corresponding fourier transform mass spectrum respectively 
(2) Single peak mastoids, which are Occasional in the middle the two bimodal mastoids, account for 5% 
of the total of mastoid SiO2. Their width is about 20-35μm, their shape is smaller than the bimodal 
mastoids. (3) Tumor peak mastoids, which grow in the middle of the mastoid sulcus of the two bimodal 
mastoids, account for 5% of the total of mastoid SiO2.The diagram of Fig.1 (c) SEM image can been seen 
( Fig.2(a) ), length AB of the mastoids base is about 20-45μm, width CD is about 20-35μm. Horizontal 
interval distance h of mastoid sulcus is about 3-18μm, the vertical interval distance d is about 5-25μm. 
The bimodal mastoids, the single peak mastoids and tumor peak mastoids have sharp- type and blunt- 
type, while the total of the sharp-type is more. The morphology and characteristics of the mastoid are 
different because of varies, divided into six categories: bimodal mastoid, multi-peaks mastoid, tumor peak 
mastoid, four peaks mastoid, dents mastoid and silicon embedded mastoid [10]. In this study, the 
observed morphologies of the mastoids are consistent with these morphologies. 
In order to understand the micro-structure of these mastoid SiO2, firstly, the native in-situ SiO2 samples 
were smashed with the ultrasonic, dispersed in distilled water, then a few drops of samples were spread 
(d) 
(e
(c)
(a) (b) 
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on the copper grid with high-resolution, HRTEM samples were obtained. HRTEM results show that the 
mastoid SiO2 is amorphous. Fig.1 (d) also displays a typical amorphous structure without any lattice 
fringes. To determine further the crystalline of the mastoid SiO2, the selected area electron diffraction 
(SAED) was used for mastoid SiO2. A typical electron diffraction pattern of amorphous SiO2 can be seen 
in Fi.1 (e) with a dispersion of the diffraction spot without any crystal characteristics. We can also find 
that there is a strong broad peak centered at around 2θ=22° in Fig. 5(a), this shows that the mastoid SiO2 
is amorphous. 
 
 
 
 
 
 
 
 
 
 
Fig. 2 (a) Schematic diagram of Fig. 1 (c)； (b) EDS mage of the hair fiber 
 
Fig. 3 SEM images of outer surface (a) and  inner surface (b) of rice husk 
Fig.3 (a) shows the hair fibers are growing in the middle of two mastoids, with some ambush in the 
mastoid ditch and some grow on the mastoid ditch. Length of the hair fibers is about 80 ~ 190um. To 
clarify further the chemical composition of the hair fiber, EDS results indicate that the hair fibers contain 
Si and O [ Fig.2(b)]. The morphology of the inner surface of rice husk can be seen in Fig. 3 (b) after the 
rice husks were calcined. There are the prominent stripes disorderly in the inner surface because the 
mastoid-shapes of the rice husks exist on the outer surface. Length of the prominent stripes is about 2 ~ 
35um, width is about 15 ~ 40nm. Obviously, the inner surface is rough. 
3.2   Si  content 
The inner surface of in the rice husks is shown by SEM images (seen Fig. 4 (a)). In the vertical cross-
section of the mastoid SiO2, Si content is measured from outside to inside (marked with (1) to (5) in 
Fig.4(a)). The measurement results show that Si content is increasing from outside to inside, shown in 
table 1. Si content is the lowest on the tip, and the highest at the bottom of the mastoid. Fig. 4(b) shows 
the EDS image of the mastoid SiO2, two peaks display Si and O, but Cu elements mainly from the copper 
(a) (b) 
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grid. The spectrum analysis also shows that the purity of the mastoid SiO2 is higher though the micro-area 
was characterized.   
Table 1.  Si content on the vertical cross-section 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4 (a) SEM images of the inner surface of rice husks; (b) EDS images of mastoid SiO2   
3.3   FT-IR analysis 
The sample composition and structure were analyzed by the infrared spectroscopy (FT-IR). FT-IR  
spectra of materials is a true reflection of their molecular structure, with the absorption peak 
corresponding to the vibrations of molecules or molecular group. The FT-IR transmittance spectra of the 
native in-situ mastoids SiO2 is shown in Fig. 4 (b). The strong peaks at 1100cm-1 correspond to the 
asymmetric stretching vibration and shear bands of the Si-O-Si bonds. The peaks at 806cm-1 show the 
symmetric stretching vibration of the Si-O bonds. The peaks at 482cm-1 correspond to the bending 
vibration of the Si-O-Si bonds. The peaks at 1095cm－1 are due to the stretching vibrations of Si–O [11]. 
 
   
 
 
 
 
 
 
 
 
Fig. 5  (a) XRD images of mastoid SiO2; (b) FT-IR images of mastoid SiO2   
The peaks at 484cm-1 and 802cm－1 are originated in the plane swing vibration and the bending 
vibration of the Si-O-Si bonds respectively [12]. The peaks at 3420cm-1 were shown the stretching 
vibration of O-H bonds originated in physically adsorbed water and silanols. The broad and strong 
absorption peaks at 3430cm－1 are attributed to adsorbed water [13]. The peaks at 1680cm-1 are shown the 
bending vibration of adsorbed water [14]. The results of this study are consistent with these conclusions, 
the infrared spectra of silica samples can explain the existence of many hydroxyl. It is noteworthy that 
 position                           (1)                 (2)              (3)              (4)                  (5)                         
 Si content (%) 22.19            35.81         58.10           58.68             59.32 
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there are the peaks at 2930cm－1 (not marked) at the near 3420cm-1. The data [15] indicate The peaks at 
2928cm－1 correspond to the stretching vibration of the  O-H bonds in the adsorbed water. 
4. Conclusion 
The native in-situ mastoid SiO2, which is different with the other crystalline SiO2 in the structure, 
density, composition and performance, is purified directly from the rice husk and is a unique class 
of amorphous nano-structured materials.  In the formation process, the mastoid SiO2 displays nano- 
structures with various morphologies after particle size, morphology, surface chemistry and structure are 
dominated by the rice in itself. Si content is increasing trend from the outside to inside of the mastoid. Si 
content is the lowest in the tip of the mastoid, and the highest in the bottom of the mastoid. But 
the morphology and structure of SiO2 are quite different because of the origin of rice husks, inorganic 
elements and organic composition in rice husks. This will be studied further. 
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